Cross- K^ff,r„^, ,„ Related Ap pli,-«;n.., 

This applicadon is a condnuation of international application number PCT/US99/27505 
fl^ed November 19. 1999, which is a co„,in„ation-i„-pa„ of U.S.S.N. 09/339,632. filed ,n„e 24 
1999. now abandoned, which claims the benefit of 60/109,247. filed November 19. 1998. ' 

On page 5. please delete the paragraph a. lines 3-25 and .place it with the following 



paragraph: 



„ ' ^»-— tioned list is a lis. of biochemical and su^ctur^i^i;;^— 

cell-matrtx construe, formed from demral fibroblasts, it should be .ecogni^ that cultured cel,- 
o^alnx constn^cts fonned fiom other types of fibroblasts wiu produce many of these features and 
other, phenotypic for a tissue type fl.m which they originated. In some cases, fibroblasts can be 
mduced to expross non-pbenotypic components by eiti,er chemical exposuro or contact, physical 
tresses, or by transgenic means. AnoUier preferred embodiment of .he invention is a cell-matirx 
ayer aving a second layer of cells disposed Utereon. The second layer of ceUs is culture, on 
.he ccll-matru layer to fonn a bioengineered bilayeted tissue co„sm.c.. h a mot. pteferred 
em o^ment, the cells of the second layer are of epifteUal origin. ^ the most prcfer^d 
embodtment, the second layer comprises cultu^d human keratinocy.es tha. together with a first 
ce -matnx layer, a cell-ma«x cons.n.c. formed from derm^ flbroblasfs and endogenous maMx 
form a dermal layer, comprise a living skin consiroc. When f^Uy fonned, ^ epidermal layer 
.s a multilayeted, s.ratified, and weU-diffe,.n.ia.ed layer of kera.mocy.es fta. exhibi. a basa, 
ayer, a suprabasal layer, a granular layer and a stratum conteum. The skin constiuc. has a well- 
developed basemen, membrane p.sen, a. ti,e dennal^pidermal Junction as exhibited by 
^ausmtsston election microscopy OEM). The basemen, membrane app^ «ckes. around 
hem. esmosomes. marked by anchoring fibrils ti,a. are comprised of .ype VH collagen, as 
v.sual..d by TEM. T,e anchoring fibrils can seen exiting from ti.e basemen, membrl and 
ent^pprng the collagen fibrils in the dermal layer These anchoring fibrils, as well as other 
basemen, membrane componen,s, are secreted by keratinocytes. „ is also known ,ha. while 
keratinocy.es are capable of secreting basemen, membrane compone„,s on .heir own a 
recogn-zable basemen, membrane wiU no. form in Ure absence of fibrobla^ls 
tomunohis,ochemical s.aining of U,e skin cons^c. of .he pt^n. invention has also shown ti,. 
laminin, a basement membrane protein is present. 
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On page 7, please delei, tk. 

JSSmUL^ " 20-27 and „»,, ■ 

77-- - . """^""^ folding 

A'aoughta„„ cells are p,^fc^/- ^ 

-*od Of tte ^ ~ ta to tovenuon, .he cells to be ~\ 

species »„.es cl T 

o. „de„. species s l l 1 po„l„e, ^ I 

spontaneously chen.- „ ^ '"^^ may be used t . ^'''"^ 

jou^^esma^^ '=«"s,orn^tu,esofceJJsoftwoorn.ore. 

- - _ "^'"'^^ species or tissue 

On page 10, pjease delete fh. 
^.^P^aph: P^^g^^Ph at lines 21-29 and , 

""'"^ ^^^^ following 

the cells .r , '"'"^^^''"^terial. In system u ^^'^ m^sh member 

P es Of cultures tissue constructs that r.i ^^^'^"^ ^"PPOrt and for 
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On pages 16-17, please delete the paragraph at lines 20-30 and 1-6 and teplace it with the 
following paragraph- ^ " 



neu,ra,p!^!e Xh n optionaUy ^itpp^ii^ii^Z-ST 

LTl * '° ™ Production 

may asstst tn collagen ptocessing an, deposition n.0.. consistently between samples 
pt^fen^ nentra, ^ly„,er is polyethylene glycol (PEG,, which has heen shown to pZ^ 

4«« MW (molecniar weight), more preferably between about 3400 to abotrt 3700 MW i 

^refert^mthe medtaof the invention. PtefenedPEOconcentrations for usein the n.,hZa; 
be a. concentrattons a, about 5% or less, p^ferably about 0.01% w/v to about 05% 2 
mote pteferably between about 0.025% w/v to about 0 w , 

w/v n,h„ „ ™ ^o"' O-^* "'v. most preferably about 0.05% 

w/v. Other culture grade neu,.^ polyn^rs such dextran, pteferably dextran T40 

po.yviny„„ne<PVP,,prefe..blyin,herangeof30,CKXM0,;0MW^C^^^ 
concentrattons a. about 5% w/v or less, preferably between about 0.01 % w/v to a J 0 
more preferably between about 0025% w/v to about 0 w / 

w/v Other „n „ «'v, most preferably about 0.05% 

w/v. other eel, culture grade and cell-compatible agents that enhance coUagen processing and 
_depos.fo„ may be ~e^byd;esgned. 



On page 17, please delete the paragraph at line« 7 Q , . . 

paragraph: ^^P" ^'""'^ replace it with the following 



j When the matrix producing cells are confluent, and the culture medium is supplemented 

:!!!:!!^^!!!:!:!:^^ '^'^ ^ynthesi^ by those cells 
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On pages 19-20, please delete the paragraph at lines 26-30 and 1-11 and replace it with 
the following paragrap h: 

In (he method of forming a differentiated epidermal layer, subcultut^l keratinocytes are 
taken from the cell stock and their cell numbers are expanded. When a necessary number of 
cells have been obtained, they are relea^ f„m the culture substrate, suspended, counted 
diluted a^d then seeded to the top surface of the cell-matrix construct at a density between aboui 
4.5 X 10 ceUs/cm^ ,o about 3.0 x 10= ce^ls/cm^ mote preferably between about 1 0 x lO' 
cells/cm^ to about I.O x 10= cells/cm^ and most pr.fe,*|y at about 4.5 x 10' cells/cm' The 
constructs are then incubated for between about 60 to about 90 minutes at 37 ± fc, 10% CO. to 
allow the ketatinocytes to attach. After the incubation, the constructs are submerged in 
eptdermalization medium. After a sufflcien, lengU, of time in cutoe, the keratinocytes 
proliferate and spread to form a confluent monolayer across the cell-mathx construct Once 
confluent, the cell media formulation is changed to differentiation medium to induce cell 
drfferentiation. When a muldlayer epithelium has fotmed, comiHcadon media is then used and 
the cultute is brought ,o the air-liquid interface. For the differendation and comification of 
keratinocytes, the cells are exposed to a dry or low humidity air-liqmd interface. A dry or low- 
humrdity interface can be characterized as trying to duplicate the low moisOtre levels of skin 
Wrth t,me, keratinocytes wUl express most or all keratins and other feantres fomrd in native skin 
when exposed to these conditions. 
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On pages 20-21, please delete the paragraph at lines 12-30 and 1-11 and replace it with 
the following paragraph: 

As mentioned above, the system for the production of a cell-matrix construct may be 
used in the formation of a corneal construct. The corneal epithelial cells can be derived from a 
variety of mammalian sources. The preferred epithelial cell is a rabbit or human corneal 
epithelial cell (corneal keratinocyte) but any mammalian corneal keratinocyte may be used. 
Other epithelial keratinocytes such as those derived from the sclera (outer white opaque portion) 
of the eye or epidermis may be substituted, but comeal keratinocytes are preferable. In the 
method for forming a comeal construct, the medium is removed from the culture insert 
(containing the cell-matrix construct) and its surround. Normal rabbit comeal epithelial cells are 
expanded via subculture, trypsinized to remove them from the cultures substrate, suspended in 
culture medium, and seeded on top of the membrane at a density between about 7.2 x lO' to 
about 1.4 X 10^ cells/cm^. The constructs are then incubated without medium for about four 
hours at 37 ± 1 C, 10% CO2 to allow the epithelial cells to attach. After incubation, the 
constmcts are submerged in Comeal Maintenance Medium (CMM) (Johnson et al., 1992.) The 
epithelial cells are cultured until the cell-matrix constmct is covered with the epithelial cells. 
Completeness of epithelial coverage can be ascertained by a variety of methods, for illustration 
by staining the culture with a solution of Nile Blue sulfate (1:10,000 in phosphate buffered 
saUne). Once the cell-matrix construct is covered, after approximately seven days, the constmcts 
are aseptically transferred to new culturing trays with sufficient comeal maintenance medium 
(CMM) to achieve a fluid level just to the surface of the constmct to maintain a moist interface 
without submersion of the epithelial layer. The constmcts are incubated at 37 ± 1°C, 10% CO2, 
and greater than 60% humidity, with the CMM, making media changes, as necessary, typically, 
three times per week. 



On page 21, please delete the paragraph at lines 12-25 and replace it with the following 

paragraph: 



In an alternate preferred embodiment, a seeding of a second matrix-prod^ii^iiig^^U^ 
be performed on a first formed cell-matrix construct to obtain a thicker cell-matrix construct or a 
bilayer cell-matrix construct. The second seeding can be perfonned with the same cell type or 
stram or with a different cell type or strain, depending on the desired result. The second seeding 
IS performed under the same conditions employing the procedures and matrix production 
medmm used in the production of the first layer. One result in performing the second seeding 
with a different cell type is to have a matrix fonned with different matrix component profiles or 
matnx packing density to affect wound healing when the construct is grafted to a patient The 
first cell seeding produces a matrix analogous to the reticular layer of dermis, a mor^ densely 
packed layer of Type I collagen and constituent extracellular matrix components. The second 
cell seedmg would produce a matrix similar to the papillary layer of dermis characterized by 
looser collagen fibrils and extracellular matrix. Another result is that the second cell type may 
produce a therapeutic substance that would also affect wound healing, such as improved graft 
take or graft mtegration or the minimization or prevention of scar formation. 
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On pages 21-22, please delete the paragraph at lines 26-30 and 1-15 and replace it with 

the following parag raph: 

m anoter preftn^'d-^iiTbodii^n, mixed ceU populadonVoF^v'o^rm^^^J^;;;^ 
be cutared together during tt,e f„™.Uo„ of a eeH.„«,rix cons^c. provided d.a, a. ,eas, one o^ 
.he cel. .ypes used is eapable of sy„chesizi„g extracellular ma«x. second cel. ,ype may be 
one needed ,o perform oa,er Ussue Actions or ,o develop pa«ic„,ar sm.c,ural feam^s of ,he 

e'llTTr ~ '° '"^ °' ' ^ ~- -^""^ P-P'''^ -us or 

p.U«.,al cells fron. adnexas n,ay be cul.„^ wieb ebe n««x-pr„ducing ceUs ,o allow *e 

formanon of epid,eUal appendages or .beir component. Epide^al appendages sucb as swea, or 

sebaceous gland s,™c,u.s or componenis or hair follicle st^cu^ or component may form 

when culn-rcd ,„ge,ber wid, ,he m^x-producing cells. Epithelial cells may be derived f.m d,e 

appendageal st™c..s of gland and bair located in deep dermis, such as by microdissecdon, and 

.nc „de eccnne cells, myoepithelial cells, glandular sectetory cells, hair follicle stem cells Other 

cell types nonnaUy found in sUn «,at consUtute skin may also be added such as melanocytes 

Ungerhans cells, and Merlcel cells. Similarly, vascular endothelial ceUs may be co-cultured to' 

produce rudimentary components for new vasculatute formation. Adipocytes may also be 

cultured wtth the matrix-producing cells to fonn a constntct used for teconstrucdve surgery As 

alternate mode of dehve^ of this second cell type, the cells may be locaUy seeded as a spot or as 

an arrangement of any number of spots of cells on or within a fonning or completely fonned 

eel -ussue matrix for localized development of these sfuctu^. To seed the cells within the cell- 

matnx constntct, the cells may be injected between the top and bottom surfaces, within the cell- 

_^~rftecellsto grow, fotm specialized strucntres and perform their speciaUzed function 



paragraph: 



On page 35, please delete ,he paragraph a, lines 6-22 and ..pla^ i, ,he fol,„„i„„ 



Cell-nraMx consttucs were prepared aceording" ,0 7he""methods to iZaniPTT^ 
human demral fibroblasts derived fron, neonate ,o.sMn and we,, ^fted onto m excision 
wounds created on nude athynric mice. Mice we,, gifted acco«U„g to the methods described 
by Pa^nteau, et al. (1996), the disclosu. of which is tocotporated he.in. Grafts were examined 
at 14, 28 and 56 days for signs of adhetence to the wound bed, evidence of wound contracUon 
^ of graft loss, and presence of vasculari^aUon (color). The graft ateas wete photographed 
wtole mtac. on the mice. A numt.r of mice wete sacrificed at e^h timepotot, and the graft a.as 
and the,, su^ounds wete excised along with a surrounding rim of murine skto to at least the 
panntculus camosus. Junctions between the graft and the murine skin were pteset^ed in each 
sample. The explanted tissue samples were then fixed to phosphate buffeted 10% formalin and 
ftxatton to meUtanol. Fonnalm fixed samples wete processed for H&E staining according to 
Ptocedure described in Example 1. Grafts we. able to integrate with the mouse sldn with 
mmtmal contraction noted. Within 14 days of grafting, the mouse epidennis had migrated 
comptetely over the graft. Ustog the H&E statoed samples, vessels wet. obvious within the graft 
a. 14 days, and throughout the experiment. By gross observation and by H&E statoed samples it 
was detennined that the graft persisted and remained healmy looking (contained living ceDs no 
gross matrix abnonnalities, e tc.nhroughouUh_eJ.n«l^^,H. ..p-Hn^m, 
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\l 



On page 45, please delete the paragraph at lines 14 98 , • 

paragraph: '^P'""" ^^e following 



. :::::: r : r : 

conditions. Besides endogenously produced fibrillar coUaeen decorin »„h 
glycosaniinoglycan were also nreseiit in ih. n • ^ouagen, deconn and 

r*..ias.sinew:ne:e::rr;:r;:r 

"".e surface of .he 



On page 46, please delete the paragraph at lines 1 9 i ^ o , • 
paragraph: ""^ '^P'""" ^^^^ *e following 



surface nf,h. n • ° ^P'*™'"'=«''"»cytes were seeded on the eon 

epidermal layer of the skin constnic. 
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